The plasma of monkeys envenomated with tiger snake (Notechis scutatus) venom was monitored by radioimmunoassay for both crude venom and a neurotoxin. When the injected limb was immobilised and a pressure of 55 mm Hg applied to the injection site, only very low levels of circulating venom or neurotoxin were detectable. In practical terms, venom movement can be effectively delayed for long periods by the application of a firm crepe bandage to the length of the bitten limb combined with immobilisation by a splint. Pressure alone or immobilisation alone did not delay venom movement.
Introduction
Few experimental studies on the movement of snake venom have been published. Fairley 1 found that arterial tourniquets in sheep and goats did not significantly prolong life when a lethal dose of tiger snake (Notechis scutatus) venom had been injected subcutaneously. Lymphatics have a role in the central movement of venom, and their ligation delays absorption of N. scutatus venom and Vipera russelli venom, but not that of Naja naja venom. 2 The survival of rabbits injected with the non-elapid venom Crotalus adamanteus improved in animals that were immobilised, 3 and less antivenom was required to prevent death when venom movement was obstructed. 4 Attempts were made to make first-aid for snakebite safe and practical, [5] [6] [7] but the lack of a suitable experimental model allowed the emergence and temporary popularity of extreme measures such as cryotherapy 8 and wide incision and/or excision. 9 Our experience 10 suggested that an arterial tourniquet was impracticable as a first-aid procedure because it caused extreme distress in the conscious patient and could be used only for a short period. We decided to investigate the treatment for snakebite in monkeys (the anatomical similarities of their limbs to those of man allows the application of relevant first-aid measures to the envenomated limb) by radioimmunoassay monitoring of the distribution of whole-venom components and a neurotoxin in envenomated animals.
Materials and Methods
Male or female adult monkeys (Macaca fascicularis) of weight range 2.3 Ϯ 0.3 kg were used in the experiments. Well-padded frames were used to make the immobilisation of the monkeys comfortable since in most experiments neither anaesthetics nor tranquillisers could be used. The monkey's arms were restrained by the frame, and the left leg was splinted to protect the venous cannula through which blood-samples were collected from the inferior vena cava. The right leg, into which venom was injected, was either free to move or was subjected to the various restrictions, pressures, &c. under study.
Plasma-samples were assayed in triplicate for crude venom (tiger-snake venom, T.S.V. and the major neurotoxin in N. scutatus venom, the presynaptic toxin, notexin, 11 by a solid-phase sandwich radioimmunoassay 12 which has been useful in the investigation of human snakebite victims. 12 The venom used had been pooled from mainland tiger snakes and its subcutaneous LD 50 was 2.35 g (95% confidence limits 1.90-2.92) for mice (weight range 18-21 g). Standardised venom solutions were kept frozen until use. Monkeys were injected with 300 g of venom (estimated to be six certain lethal doses for monkeys in this weight range 14 ) in 150 l of saline via a 25 guage needle to a depth of 2.5 mm over the lower third of the lateral gastrocnemius. The depth of penetration, which was limited by use of a special guard, represents the average length of a tiger-snake's fang. 14 The venom was deposited on or in the aponeurosis of the muscle. A slow infusion of Hartmann's solution was given between blood-sam-plings.
Venom movement was delayed (1) by a standard paediatric sphygmomanometer cuff 10 ϫ 5 cm, placed round the thigh of the monkey and inflated to 140 mm Hg to achieve complete arterial occlusion; (2) since preliminary studies had suggested that direct pressure applied to the site of the bite should be further investigated, by inflatable air splints (Alsafe Industries, Melbourne); or (3) by crepe bandages and a splint.
When anaesthesia was required, open ether was used because it allowed rapid recovery from profound anaesthesia.
With the exception of the arterial tourniquet (30 min) all methods of venom restriction were employed for 60 min.
Crepe Bandages and Special Pressure Chamber
The requirement for the additional apparatus arose after the initial experiments in which the application of a firm crepe bandage to the whole of the envenomated limb and the immobilisation of the limb by a splint had given encouraging results. It then became desirable to determine subjectively the approximate pressure exerted by a firm crepe bandage and to construct a chamber which could exert such a pressure on a monkey's limb with minimum restriction of movement.
Ten volunteers had a firm crepe bandage applied to one forearm and their other forearm was inserted into an air splint that was then slowly and repeatedly inflated and deflated. One of us (S.K.S.) judged that a pressure of 55 mm Ϯ 5 mm Hg was the likely pressure exerted by a firm crepe bandage.
The chamber ( fig. 1 ) had a rigid outer casing. The limb was placed in a rubber bag which was then pushed into the chamber, the upper part of the bag being used to make a seal.
In this way pressure can be applied uniformly through the rubber bag to the whole limb without immobilisation of the limb. This method of applying pressure to the limb mimics that produced by a firm crepe bandage.
Results
25 monkeys were studied and the significant findings in 11 of these are described below (figs 2-8). The other 14 monkeys, which include non-envenomated controls and those that took part in failed first-aid experiments, will be reported on later. Venom injections were given at time zero. Except in monkey 24 ( fig. 4) , which was anaesthesised before venom was injected, the first-aid measures were applied within 60 to 90 s of envenomation.
Discussion
The application of firm crepe bandages combined with splinting of the injected limb prevents rapid rise of the plasma-levels of both whole tiger-snake venom and the major neurotoxin. The plasma-levels after the removal of the crepe bandages are, in this small series, significantly lower than those when venom movement has not been restricted. Venom immobilisation appears to be the result of a combination of compression of lymphatics at the site of injection and reduction of lymph-flow because of immobilisation; it may also partly be due to compression of the superficial veins. The nature of venom absorption and distribution was well demonstrated in monkey 12 ( fig. 8 ) in which a delay in the achievement of effective pressure and immobilisation slowed absorption of residual venom and reduced plasma-levels of whole venom components.
Our findings suggest that the application of a firm crepe bandage and splint (or suitable air splint if available) is an excellent method of retarding the absorption of elapid venom. This measure seems almost as effective as an arterial tourniquet in the short term, but it is far more practical because of the comfort, unlikelihood of ischaemia, and most important of all, the period over which such first-aid measures can be employed.
Since delayed application of the measures retards movement of the remaining venom, a crepe bandage should be applied even in severely envenomated patients who are seen late, and it should be re-applied if a patient becomes critically ill on removal of the bandage. The application of the bandage allows time for neutralisation of the venom by antivenom. It may also reduce antivenom requirements.
None of the 16 or more distinct, antigenic proteins in tiger-snake venom were detected in significant amounts in the plasma of the envenomated animals during the 60 min of restriction of venom movement. The lower molecular weight (M.W.) components (M.W. 6000-13 574) are the neurotoxins; 11 notexin has a M.W. of 13 574. It is noteworthy that these neurotoxins were immobilised by this procedure since all polypeptide snake neurotoxins isolated to date, 6 except crotamine (M.W. 5450) from Crotalus d. terrificus, 15 have a M.W. greater than 6000. The other major components of snake venoms which cause severe tissue damage, coagulation disturbances, and haemolysis, have M.W.s far greater than 10 000. Thus on a basis of molecular size, bandaging and splinting may well immobilise a wide range of snake venoms and even non-reptilean (e.g., scorpion) venoms.
